Identification of the residues in the helix F/G loop important to catalytic function of membrane-bound prostacyclin synthase.
A topological model of prostaglandin I(2) synthase (PGIS) was created by homology modeling. This model, along with site-specific antibodies and other topology studies, has suggested that the residue(s) within helix F/G loop of PGIS may be involved in forming the substrate access channel and located in a position that influences the membrane-bound PGIS catalytic function (1). To test this hypothesis, we have explored an approach to identify the residues of the helix F/G loop important to enzyme activity of the membrane-bound PGIS by a combination of 2-D NMR experiment and mutagenesis methods. Using the distance measured from the model as a guide, the helix F/G loop was mimicked in a synthetic peptide by introducing a spacer to maintain a distance of about 7 A between the N- and the C-termini (PGIS residues 208 and 230). The peptide was used to interact with the enzyme substrate analogue, U46619. High-resolution 2-D NMR experiments were performed to determine the contacts between the peptide and U46619. The interaction between the constrained F/G loop peptide and U46619 was confirmed by the observation of the conformational changes of the peptide and U46619 using the comparison of the cross-peaks between the NOESY spectra of U46619 with the peptide, without the peptide, and the peptide alone. Through the combination of the 2-D NMR experiments, completed (1)H NMR assignments of the F/G loop segment in the presence and absence of U46619 were obtained, and these data were used to predict the contact residues (Leu214 and Pro215) of the F/G loop with PGIS substrate. The predicted influence of residues on enzyme catalytic activity in membrane-bound environments was confirmed by the mutagenesis of the F/G loop residues of human PGIS. These observations support that the F/G loop is involved in forming the substrate access channel for membrane-bound PGIS and suggests that the NMR experiment-based mutagenesis approach may be applied to study structure and function relationships for other proteins.